The short term variability of the size distribution and growth rates of the phytoplankton community was studied during several visits at three stations located across the anticyclonic gyre of the Western Alboran Sea in May 1998. Chlorophyll a (Chl a) concentration was fractionated in three size classes, picoplankton (<2 µm), nanoplankton (2-20 µm) and microplankton (>20 µm). Biovolume and cell carbon estimations, based on cell cytometry and microscopy counts, image analysis and published conversion values, were carried out for seven groups of autotrophic organisms. Carbon:chlorophyll a (C:Chl a) ratios in combination with 14 C uptake experiments were used to calculate phytoplankton growth rates. Temporal differences among stations in the size structure and composition of the phytoplankton community were related to hydrographic phenomena. At the beginning of the survey, the proportion of the three chlorophyll size fractions ranged between 20 and 40% for all the stations; this situation changed dramatically after a nutrient upwelling event which occurred at the station closest to the coast, located at the northern edge of the anticyclonic gyre, and was associated with an increase in the biomass of the whole phytoplankton community (mainly due to diatoms) and with a shift in the microplankton proportion from 35 to 60% of the integrated Chl a. In contrast, the pico-and nanoplankton fractions increased their dominance in the oligotrophic waters of the centre of the gyre (between 75 and 95% of the integrated total Chl a, mainly accounted for by Synechococcus and small flagellates). At all the stations, picoplanktonic cells were generally more abundant in the upper layers of the photic zone while nano-and microplanktonic organisms tended to be more important with depth. Maximum phytoplankton growth rates ranged from 0.45 to 1.41 day -1 and did not present significant differences among stations, in spite of their different hydrographic and nutrient conditions. In particular, average duplication times of 0.9 day at the oligotrophic central station indicate that phytoplankton was actively growing there. Growth rates averaged for the photic layer were not associated with the phytoplankton composition and size distribution but were positively correlated with the available irradiance. These findings suggest a physiological acclimation of the phytoplankton community to the light conditions and may be relevant for the parameterization of primary production models. The C:Chl a ratio decreased with depth and increased from high to low nutrient stations and with the fraction size.
food web predominates in stratified, oligotrophic waters (Azam et al., 1983) , in which small autotrophic organisms are comparatively more abundant than other size classes of phytoplankton. In contrast, in turbulent and richer areas, larger size fractions tend to prevail sustaining the socalled 'classical' or 'herbivorous' food web (Steele, 1974) . These extreme situations are, however, simplifications of a more complex scenario, with a continuous functioning of the microbial food web and intermittent departures to the herbivorous food webs when nutrients are injected into the upper layers of the water column (Thingstad and Sakshaug, 1990) .
The phytoplankton size distribution is commonly described in terms of chlorophyll a (Takahashi and Bienfang, 1983) or carbon (Booth, 1988) . In the latter case, the cellular volumes of different phytoplanktonic groups are converted to carbon units using reported or empirically determined carbon:volume ratios. Fixed phytoplanktonic carbon to chlorophyll a ratios (C:Chl a) are frequently used to convert the routine measurements of Chl a into carbon whenever an estimate of algal carbon is needed. C:Chl a ratios are also used in combination with 14 C uptake experiments to calculate phytoplankton growth rates (µ), as an alternative to dilution experiments (Landry and Hassett, 1982) . However, C:Chl a ratios are far from constant depending on environmental conditions such as nutrient concentrations, irradiance or temperature [ (Geider et al., 1997) and references therein].
The remarkable hydrodynamism found in the Alboran Sea (SW Mediterranean) offers a good scenario to study mesoscale variations of the size structure of the phytoplankton assemblages. This region is characterized by the presence of two quasi-persistent anticyclonic gyres: the Western and Eastern Alboran Sea gyres (Parrilla and Kinder, 1985; Minas et al., 1991; Tintoré et al., 1991) . These gyres are formed by the superficial inflow of Atlantic waters which enter the Strait of Gibraltar and, upon mixing with the resident Mediterranean waters, form a conspicuous jet of Modified Atlantic Water (MAW). At the frontal zone created around the northern edge of the Western anticyclonic gyre, intermittent upwelling events bring nutrients into the upper layers of the water column Packard et al., 1988; Perkins et al., 1990; Minas et al., 1991) , in contrast with the more oligotrophic waters found at the centre of the gyre.
In the Eastern Alboran Sea anticyclonic gyre, Videau et al. (Videau et al., 1994) found higher phytoplankton cell sizes in the frontal zone than in the centre of the gyre. In accordance with this observation we would expect the same general trend in the Western Alboran Sea gyre, where information on phytoplankton size structure is only available in relationship with the deep fluorescence maximum (Rodríguez et al., 1998) or with the magnitude of vertical motion (Rodríguez et al., 2001) . Owing to the episodic nature of the upwelling phenomena in the frontal zone, notable changes in the phytoplankton size structure could occur on a scale of days, as found by Rodríguez et al. (Rodríguez et al., 1994) . The effect of these nutrient pulses on algal growth rates has not been addressed by the few primary production surveys carried out in this subbasin [see references in (Morán and Estrada, 2001) ] and is therefore unknown. Information on phytoplankton growth rates is also scarce for other Mediterranean regions. Estrada (Estrada, 1985) and Pedrós-Alió et al. (Pedrós-Alió et al., 1999) reported estimates in the NW Mediterranean in summer, while other authors focused on populations of particular organisms such as Synechococcus (Agawin et al., 1998 (Agawin et al., , 2000 or Gyrodinium (Garcés et al., 1999) .
The study of the short term variability in the physicochemical and biological properties of the Western Alboran Sea was the objective of a High Frequency Flux Experiment carried out in May 1998. In this context, the specific aims of the study presented here were (i) to describe the small scale geographical and temporal variation of the size structure and composition of the phytoplankton community at different stations located across the anticyclonic gyre, (ii) to estimate the variability of the C:Chl a ratio of the various phytoplankton size fractions in the studied coastal-offshore gradient, and (iii) to test whether the size structure of the natural phytoplankton assemblages could be related to their ambient and maximum growth rates.
M E T H O D Sampling
This study was performed during Leg 2 of the R/V Hespérides cruise MATER I, carried out in the Alboran Sea between 2 and 16 May, 1998. Three fixed stations (A, B and C), located across the Western Alboran Sea anticyclonic gyre, were visited four times (visits 1 to 4) during the cruise, with an interval of 3 days between visits ( Figure 1 , Table I ).
CTD casts were performed at each station to obtain profiles of temperature, salinity, fluorescence and density (sigma-t). Different subsamples for major inorganic nutrients analysis, total and fractionated chlorophyll a (Chl a) determination and enumeration of diatoms, dinoflagellates, coccolithophorids, autotrophic nanoflagellates, autotrophic picoeukaryotes, Synechococcus and Prochlorococcus were obtained with Niskin bottles attached at a rosette and closed at selected levels, generally at 10-20 m intervals, from the surface down to 100 m depth.
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Sample treatment
Nutrient samples were frozen prior to their analysis in the laboratory. Soluble reactive phosphate, nitrate, nitrite, ammonium and silicate concentrations were analyzed using an Evolution II (Alliance Instruments) autoanalyzer (Grasshoff et al., 1983) .
Chl a concentrations (total and fractionated) were measured on board by fluorometry (Yentsch and Menzel, 1963) . From each depth, 100 ml of water were filtered through Whatman GF/F glass fiber filters (25 mm diameter) for total Chl a estimation. Parallel samples of 200 and 100 ml of water were filtered, respectively, through polycarbonate 2 µm Poretics filters (47 mm) and 20 µm mesh net, and the filtrates were collected onto Whatman GF/F filters (25 mm). Therefore, the picoplanktonic Chl a fraction (<2 µm) was measured directly, and the nanoand microplankton (2-20 µm and >20 µm, respectively) contributions were calculated by subtracting the <2 µm from the <20 µm fraction and the <20 µm from the total, respectively. All the filtrations were done at low vacuum pressure (<100 mm Hg) or by gravity (when using 20 µm mesh net) and after the filtrations the GF/F filters were frozen immediately at -70°C for at least 5 h. The filters were placed subsequently in 6 ml of 90% acetone for ~24 h, in the dark and at 4°C. The fluorescence of the extract was measured with a Turner-Designs fluorometer.
Different techniques (Utermöhl-inverted microscopy, epifluorescence microscopy and flow cytometry) were used to quantify the autotrophic organisms according to their size and abundance (García et al., 1994) .
Subsamples of 120 ml of water for diatom, dinoflagellate and coccolithophorid counts were fixed with formalin-hexamine solution (0.4% final concentration) (Throndsen, 1978) and stored in Pyrex bottles. Within a year from sampling, 100 ml of water were sedimented in a composite chamber and examined using the inverted microscope technique (Utermöhl, 1958) . One transect of the chamber was observed at 400ϫ magnification to enumerate the smaller (<25 µm) and more abundant organisms. Half of the chamber was additionally observed at 200ϫ to count cells of intermediate size (generally between 25 and 50 µm) and all the chamber was scanned at 200ϫ to count the larger forms. The observed organisms (mainly diatoms, dinoflagellates and coccolithophorids) were classified to the lowest possible taxonomic level.
Samples for nanoflagellate counts (90 ml) were fixed with 10 ml glutaraldehyde (0.5%, final concentration). On board, a subsample of 40 ml was filtered through 0.6 µm Nuclepore black polycarbonate filters and stained with DAPI (1 µg ml -1 , final concentration), the filters were then placed on glass slides with a drop of fluorescence oil and a coverslip and kept at -20°C. Autotrophic nanoflagellates were counted with an epifluorescence microscope (Porter and Feig, 1980) and sorted into three size classes (3.2-6.4 µm, 6.4-12.8 µm, >12.8 µm). A mean volume of each size class was used for the biovolume calculations of these organisms. Autotrophic flagellates <3.2 µm (= autotrophic picoeukaryotes) were analyzed by flow cytometry.
For the flow cytometric enumeration of autotrophic picoeukaryotes and cyanobacteria (Synechococcus and Prochlorococcus), 1.5 ml samples, fixed with 1% paraformaldehyde + 0.05% glutaraldehyde (final concentration), were kept at room temperature for 10 min and subsequently deep frozen in liquid nitrogen and stored frozen at -70°C. The samples were then thawed and processed through a flow cytometer FACS-calibur (Becton and Dickinson) with a laser emitting at 488 nm (Gasol and del Giorgio, 2000) . Samples were run at high speed (~60 µl min -1 ) and data were acquired in log mode until around 10 000 events had been recorded. As an internal standard, we added 10 µl per 600 µl sample of a 10 5 ml -1 solution of yellow-green 0.92 Polysciences latex beads. Synechococcus cells were detected by their signature in a plot of orange fluorescence (FL2) versus red fluorescence (FL3).
Prochlorococcus have a lower FL3 signal and no FL2 signal. Autotrophic picoeukaryotes have higher FL3 signals and no FL2 signal.
Biomass estimates
Autotrophic biomass was estimated for samples taken during the second and fourth visits to each station. The biovolumes of Synechococcus and picoeukaryotes were calculated using the volume values given in Ribes et al. (Ribes et al., 1999) for samples from the Northwestern Mediterranean Sea. A carbon content of 0.357 pg C µm -3 [mean value of (Bjørnsen, 1986; Kana and Gilbert, 1987; Verity et al., 1992) ] was used for Synechococcus, and the equation pg C cell -1 = 0.433 ϫ (µm 3 ) 0.863 (Verity et al., 1992 ) was adopted for autotrophic picoeukaryotes. For Prochlorococcus, volume calculations were based on a mean size (diameter) of 0.7 µm (Vaulot et al., 1990) and the carbon conversion factor used was 0.133 pg C µm -3 (Simon and Azam, 1989) .
Cell volume of autotrophic nanoflagellates was calculated using the mean dimensions of each size class and assuming an ellipsoid shape for the cells. The carbon conversion equation was the same as for picoeukaryotes.
For diatom, dinoflagellate and coccolithophorid biomass estimation, once a sample had been counted, half of the chamber was observed at 400ϫ, and at least 20 individuals of the most abundant forms were recorded with a video camera Hitachi KPC503. Then, each organism was measured (length and width) using NIH-Image software and its volume calculated using a geometrical approximation of its form. Carbon content was estimated from the conversion factor described in Montagnes et al. (Montagnes et al., 1994) , pg C cell -1 = 0.109 ϫ (µm 3 ) 0.991 .
Growth rates
Carbon-based ambient growth rates (µ, in units day -1 ) of phytoplankton during the second and fourth visits were calculated from daily primary production rates (PP) and phytoplankton carbon biomass (PB), obtained from Chl a concentrations and the corresponding C:Chl a ratios. PP was estimated from photosynthesis-irradiance relationships, Chl a distributions and daily irradiance throughout the water column [see details in (Morán and Estrada, 2001) ]. Apart from ambient growth rates (µ) at each station, a weighted growth rate for the photic layer (µ ph-l ) was estimated. The depth of the photic layer was defined as that receiving 1% of the surface incident irradiance, and ranged from 42 m at A4 (fourth visit to station A) to 63 m at C4 (fourth visit to station C).
Maximum growth rates (µ max ) were also estimated for the two depths from which samples processed in the photosynthesis-irradiance experiments were taken (Morán and Estrada, 2001 ). µ max was estimated from the hourly maximum photosynthetic rate P B m , given in units mg C (mg Chl a) -1 h -1 , and a daily photoperiod of 13 h, according to the equation:
R E S U LT S Hydrography
The temperature and salinity distribution along the three stations (A, B and C) for the four visits is represented in Figure 2 . Shallowing temperature and salinity isolines were observed from station C to A, reflecting the position of the front formed by the jet of MAW and coastal Mediterranean waters. The steeper temperature and salinity isolines during the second visit indicated the occurrence of an upwelling event which affected mainly station A but to some extent also station B. For more details on the hydrography of this zone during the survey see Morán and Estrada (Morán and Estrada, 2001 ).
Nutrients and total Chl a distribution
A general decrease in surface nutrient concentrations was observed from the coastalmost station towards the centre of the gyre (Figure 3) . The upwelling event which occurred during the cruise brought high nutrient concentrations into the upper layers of the water column, causing a notable shallowing of the nitrate and phosphate nutriclines [ Figure 3 , see also Table 1 in (Morán and Estrada, 2001) ]. Station C was homogeneously nutrient-depleted in the upper 100 m along visits. The nutrient injection into the upper layers of station A was followed by an increase of Chl a from a maximum value of 1.3 µg l -1 in the first visit to 7.9 µg l -1 in the third one (Figure 4) . A pronounced deep chlorophyll maximum (DCM), with Chl a exceeding 5 µg l -1 , was observed at around 40 m depth in the last two visits to this station.
The DCM was shallower at station B (~20 m), with values below 1 µg l -1 except in the second visit. The lowest Chl a values (always <1 µg l -1 ) were found at station C and did not show any appreciable DCM structure. 
Fractionated Chl a distribution
When Chl a values were integrated for the photic zone, a higher percentage of the larger size fractions (nano-and microplankton) was observed at station A ( Figure 5 ). At this station, a shift from nano-to microplankton dominance occurred when total Chl a increased in the third visit, with microplankton Chl a making up almost 60% of integrated values. At station B, nanoplankton formed the highest share of integrated total Chl a (~40%) followed (except in the first visit) by picoplankton (25-40%). The contribution of picoplankton to total autotrophic biomass was highest at station C, where it increased smoothly from the first (38%) to the last visit (51%). At stations B and C the microplankton contribution was always less than 35% and it decreased steadily with time along visits. The relative abundance of the different Chl a size fractions changed throughout the photic zone ( Figure 6 ). Higher contributions of picoplankton were generally observed in the upper layers of the water column at the three stations, while nano-and microplankton were, in general, more abundant at deeper layers. In the third and fourth visits, the contribution of Chl a >20 µm reached 70% at the DCM of station A. For pooled data, the percentage of Chl a <2 µm was positively correlated with the percentage of ammonium and negatively correlated with the percentage of nitrate, while the relationships with the percentage of the fractions of Chl a >2 µm were of opposite sign (Table II) .
Phytoplankton size distribution and group composition
A conspicuous shift in the composition of the phytoplankton community was observed at station A between the second (A2) and the fourth (A4) visits (Figure 7) . At A2, the bulk of autotrophic biomass was found between 5 and 20 m with a predominance of autotrophic nanoflagellates (which reached a maximum of 62% of the total biomass at 20 m depth). Coccolithophorids and picoeukaryotes also contributed appreciably (~5 µg C l -1 each) to autotrophic biomass at these depths. From 40 m downwards, total autotrophic biomass was lower than 8 µg C l -1 . In contrast, at A4, a very high contribution of diatoms (mainly from the genus Chaetoceros and Pseudo-nitzschia) appeared at the DCM level attaining as much as 64% of total autotrophic biomass.
Total autotrophic biomass decreased with depth in the two visits to station B. The maximum value (~25 µg C l -1 ) was observed at 5 m, and no group clearly prevailed. At stations A and B, Prochlorococcus biomass generally decreased with depth and did not exceed 0.12 µg C l -1 .
An increase in the contribution of Synechococcus to total biomass was the main difference observed at station C with respect to the other two stations. In the second visit (C2), the contribution of Synechococcus varied between 29 and 42% at depths above 40 m. Below this depth, the observed increase in total biomass was due to the presence of large diatoms (mainly Guinardia striata and Proboscia alata). Although these diatoms corresponded to <0.02% of the total abundance of photosynthetic cells (data not shown), their relative carbon contribution was up to 84%, due to their high mean volume per cell (Table  III) . In the fourth visit (C4), the contribution of Synechococcus biomass was highest at 20 m depth (68% of the total) while a high proportion of nanoflagellates was observed at 40 m. Prochlorococcus was not detected at this station.
Total and fractionated C:Chl a ratios
A C:Chl a ratio was calculated for three layers of the water column (>30 m, 30-70 m, and <70 m depth) for total autotrophic biomass and for the <2 and >2 µm size fractions (Table IV) . This C:Chl a ratio was generally highest above 30 m depth; below this depth it tended to increase with size fraction. When all data were considered, the C:Chl a ratio of the <2 µm fraction was negatively correlated with depth (r =-0.5, P = 0.003, n = 33). A consistent increase in the C:Chl a ratio was also observed from high nutrient to low nutrient stations. Thus, it was 60, 75 and 53% higher at station C than at station A, for the total, <2 µm and >2 µm fractions, respectively. This trend was further corroborated by the negative correlation found between the C:Chl a ratio (total and both fractions) and nutrient concentrations (Table V) .
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Phytoplankton growth rates
As expected, estimated ambient phytoplankton growth rates (µ) decreased with depth reflecting the decrease in available irradiance (Figure 8 ). Phytoplankton was growing at relatively high growth rates (~1 doubling day -1 ) at the surface of the three stations during the second visit. In general, µ was higher at station B than at the other two stations, although algal biomass was highest at station A (Figure 4 ). Station C tended to give the lowest µ values, especially during the fourth visit (C4). Photic layerweighted values (µ ph-l ) ranged between 0.03 and 0.44 day -1 and were significantly higher during the second visit (t-test, P = 0.005), but no significant differences were found between stations. Ambient growth rates were always lower than maximum ones (µ max ), which ranged from 0.45 to 1.41 day -1 (Table VI) (ANOVA, P > 0.2). The size distribution and the composition of phytoplankton did not appear to be correlated with growth rates. Thus, no relationship was found between µ max or µ ph-l and the absolute or relative values of the different Chl a size classes. However, a positive correlation (r = 0.71, P = 0.01, n = 12) was found between µ max and the percentage of picoeukaryotic carbon (i.e. small flagellates as counted with the flow cytometer). The extremely low ambient growth rates measured at station C4 were undoubtedly related to the low irradiance received due to cloudy conditions (Figure 9 ), as µ max did not differ appreciably from the values found at the other two stations (Table VI) . Similarly, the notably lower values of the photic layer-weighted growth rates (µ ph-l ) during the fourth visit at the three stations were mainly caused by the comparatively lower irradiance received (Figure 9 ). Although averaged C:Chl a ratios changed notably during the two visits (~1.5 higher in the fourth visit, Table VI), the negative relationship between µ ph-l and the C:Chl a ratio was not significant (P = 0.15).
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D I S C U S S I O N
The nutrient enrichment into the upper layers of the northern edge of the Western Alboran Sea anticyclonic gyre determined a strong gradient of autotrophic biomass, from high Chl a values at the coastalmost station to low values in the nutrient-poor waters of the centre of the gyre (St. C, Figure 3 ). Similar observations have been reported in other studies (Packard et al., 1988; Minas et al., 1991) in the same area of the Alboran Sea.
The high autotrophic biomass observed in the fourth visit to station A was caused by an increased contribution of the nano-and microplankton fractions (Figure 4) , which corresponded mainly to chain-forming diatoms of genus Chaetoceros spp. and Pseudo-nitzschia spp. (Figure 7) . The vertical motion produced by the upwelling and the associated introduction of nutrients into the photic layers could explain the growth of large forms of phytoplankton in the zone. Several processes could be responsible. In nutrient-rich, turbulent environments, non-motile and fast-growing life forms (like diatoms) could be favoured (Margalef, 1978) division rates and turbulence reduces sedimentation losses out of the photic zone (Kiørboe, 1993) . The dominance of large cells in relation to high vertical motion intensities has been reported by Semina (Semina, 1968) . Rodríguez et al. (Rodríguez et al., 2001) , working in the same region, found a significant correlation between the magnitude of the upward velocity and the relative proportion of large cells in the phytoplankton community. In addition, on a small scale, turbulence could also directly increase the nutrient uptake of large cells (>60 µm) (Karp-Boss et al., 1996) , favouring an increase in the proportion of large cells when high nutrient concentrations are present (Arin et al., 2002) . Therefore, both nutrients and turbulence, in combination, could be the main factors that enhance the growth of large cells in this zone of the Western anticyclonic gyre. The picoplanktonic fraction was more important at station C (making up to 40-50% of total integrated chlorophyll), where it was located fundamentally in the upper 40 m of the water column (Figures 5 and 6 ). The dominant organisms at this station were Synechococcus, nanoflagellates and picoeukaryotes, but large diatoms of G. striata and P. alata were also found below 40 m at station C2. Presumably, the presence of these diatoms was not due to in situ growth, but was a result of an intrusion of waters from elsewhere, with an already developed phytoplankton community (see below). Because of its small size and relatively large surface to volume ratio, Synechococcus is able to live at low nutrient environments. Motile organisms in the upper nanoflagellate size range could increase their nutrient uptake through swimming, by renewing the nutrient-depleted water surrounding the cell (Kiørboe, 1993) , or by taking advantage of their motility to approach nutrient patches.
The dominance of large or small cells could also be related to the different forms of dissolved inorganic nitrogen (DIN). At station A, in general, >80% of the DIN was   L. ARIN, X. A. G. MORÁN AND M. ESTRADA PHYTOPLANKTON SIZE DISTRIBUTION The depth of the photic layer (Z ph-l ) and the weighted C:Chl a ratio (C:Chl a ph-l ) is also given. µ max was calculated for the two depths of photosynthesis-irradiance experiments (see the text for details), indicated in a separate column (Z P-E ).
in the form of nitrate (data not shown) which was positively correlated with the fraction of autotrophic biomass >2 µm (Table II) . In contrast, ammonium was the principal form of DIN at station C (usually >40% in the upper 50 m of the water column, data not shown) and was positively correlated with the fraction of Chl a <2 µm (Table  II) . This agrees with previous observations [see for instance (Chisholm, 1992) and references therein] which found an association between large forms of phytoplankton and allochthonous inputs of nitrogen (i.e. nitrate), and a predominance of small organisms in oligotrophic waters, where regenerated ammonium is the principal form of DIN. Regardless of the importance of each phytoplankton size fraction at the three stations, the overall pattern was a high percentage of small cells (picoplankton) in the upper layers of the photic zone while the largest cell sizes (nanoand microplankton) tended to increase their importance with depth ( Figure 6 ). Nutrient concentrations in the upper layers of the water column of the three stations ranged from low to almost non-detectable ( Figure 3) ; under these conditions, as commented above, small organisms would perform better than large ones. The increasing presence of large cells with depth could be explained by several mechanisms. For the intermediate layer considered (30-70 m), higher nutrient levels combined with enough irradiance would allow for active growth of these size classes. Below 70 m, where low irradiances would prevent significant photosynthetic activity (Morán and Estrada, 2001) , high concentrations of nanoand microplankton could be the consequence of sedimentation of senescent cells or of advection of water bodies entrained from shallower depths.
The most remarkable temporal changes in phytoplankton community composition were observed at station A but, unexpectedly, also at station C (Figure 7) . At station A, the community shift from a dominance of nanoflagellates to large diatoms can be readily explained by the upwelling event and the associated nutrient input, as mentioned above. Nevertheless, at station C, which a priori seemed to be a more stable environment, a marked shift in the composition of the phytoplankton assemblage took place when the diatoms observed at C2 were replaced by nanoflagellates at C4. For the same cruise, Morán and Estrada (Morán and Estrada, 2001 ) reported a large increase in maximum photosynthetic rate and α (initial slope of the P-E curve) at the surface waters of this station, probably as a consequence of this change in the phytoplankton community. Oligotrophic areas can show rather conserved size class biomass distributions with conspicuous changes in the relative production of each size class (Marañón et al., 2001) . Here it is shown that despite the dominance of small organisms, noticeable changes in taxonomic composition took place on a scale of days, under invariantly nutrient-depleted conditions. As we mentioned above, this interpretation does not imply that the observed phytoplankton changes occurred in situ. It is likely that advection of water masses played an important role in the changes of the phytoplankton composition observed. Transport of organisms through water mass displacement has been suggested in this area and adjacent regions by other authors (Packard et al., 1988; Gómez et al., 2000) .
The C:Chl a ratios obtained for the whole phytoplankton community (Table IV) were in the range reported by Delgado et al. (Delgado et al., 1992) for the Northwestern Mediterranean Sea. The fact that total C:Chl a changed 7-fold (with a coefficient of variation of 85%) and that values were generally below 50 warns against the widespread use of constant values (Strickland, 1960) . Differences in the C:Chl a ratio were observed in relation to depth, the nutrient gradient along the three stations and the phytoplankton size class. Lower values of the ratio (for the total and the two fractions considered) were found below 30 m depth, presumably as a consequence of a high Chl a concentration per cell due to photoacclimation ( Jensen and Sakshaug, 1973; Latasa et al., 1992) and lower carbon content of cells grown at lower light intensities (Thompson et al., 1991) . A decrease of the C:Chl a ratio with depth was also observed by Delgado et al. (Delgado et al., 1992) . In addition, the C:Chl a increased from high (station A) to low nutrient waters (station C). Other studies have also reported higher C:Chl a ratios in oligotrophic than in richer waters Chavez et al., 1996) . Under nutrient-limited conditions the cells could decrease some metabolic activities while photosynthesis (carbon assimilation) continues. Overconsumption of dissolved inorganic carbon (Sambrotto et al., 1993; Kähler and Koeve, 2001 ), which appears to be higher at low nitrate concentration (Thomas et al., 1999) , could result in an increase of the phytoplankton C:N ratio. An elevation of carbohydrate content in diatoms has been observed under nitrate-limiting conditions (Myklestad and Haug, 1972; Haug et al., 1973) .
Thus, it appears that under low nutrient concentrations, the relative proportion of carbon inside the cells could be higher than in richer environments, originating higher C:Chl a ratios. In general, in this study, the C:Chl a ratio increased with cell size. According to Malone (Malone, 1980) , the existence of correlations between chlorophyll per cell and surface area and between carbon content per cell and volume should result in an increase of the C:Chl a ratio with cell size. However, there are exceptions to this hypothesized relationship. For instance, no relation was observed between cell size and the C:Chl a ratio in some marine phytoplankton cultures (Blasco et al., 1982; Geider et al., 1986; Montagnes et al., 1994) . Growth rates averaged for the photic layer (µ ph-l ) were higher in the second than in the fourth visit (Table VI) ; it is likely that after the initial growth pulse and biomass build-up, growth rates had already decreased. In fact, the patches of maximum biomass (40 m depth at stations A3 and A4) coincide with nutrient minima (Figures 3 and 4) . Contrary to some findings along broader spatiotemporal scales in the Atlantic Ocean (Marañón et al., 2000) no significant relationship was found between µ ph-l and nutrient concentrations or the depth of the nutricline for our dataset. Moreover, these µ ph-l values (Table VI) were very similar to those found in the NW Mediterranean in early summer, where more oligotrophic conditions prevail (Pedrós-Alió et al., 1999) . Differences in µ between the two visits were not associated with the observed changes in phytoplankton composition and size distributions, but to changes in irradiance. Virtually all the variability in µ ph-l could be explained by the average irradiance received in the photic layer (Figure 9 ), in spite of the reported interspecific differences in the growth-irradiance response (Langdon, 1988; Gallegos and Jordan, 1997) . This finding suggests a physiological acclimation of the phytoplankton communities to the environmental light conditions, independently of other environmental factors or of taxonomic composition. In a comparable way, Figueiras et al. (Figueiras et al., 1994 found that photosynthetic parameters of Antarctic phytoplankton were adjusted to the mean irradiance in the upper water layer and explained it as a phytoplankton adaptation to maximize carbon uptake and growth rates. Furthermore, we did not find any clear evidence of higher growth rates when diatoms were dominant, in contrast with the observations of Furnas (Furnas, 1990) who noted higher in situ growth rates in different species of diatoms in comparison with smaller species like flagellates or non-motile ultraplankton. In natural waters, growth rates of diatoms are expected to vary during the successive phases of proliferation following growth pulses caused, for example, by upwelling events; therefore, the dominance of diatoms in natural communities may not always be associated with higher growth rates.
In spite of the oligotrophic conditions found in the middle of the gyre (St. C), the algal assemblage growing there (Figure 7) showed maximum rates similar to those of the other two stations. However, this similarity of maximum growth rates (µ max ) at the three stations, regardless of the different hydrographical and nutrient conditions, is in agreement with the lack of significant differences in photosynthetic parameters between stations, except, as commented above, in the last visit to St. C (Morán and Estrada, 2001) . µ max values, corresponding to duplication times lower than 1 day on average (0.9 day ± 0.3 SD), indicate that phytoplankton assemblages were healthy and actively growing during the sampled period, and suggest that ambient growth rates were similarly limited by irradiance at the three stations ( Figure 9 ).
In conclusion, the differences observed in the hydrography of the Alboran Sea were reflected in the size distribution of the phytoplankton community. The predominance of the largest size fractions in the northern edge of the Western Alboran Sea anticyclonic gyre was related to a higher hydrodynamism and higher nutrient concentrations in this zone, while small organisms dominated the more oligotrophic waters of the centre of the gyre. Phytoplankton growth rates were correlated with available irradiance but not with organism size. This result may be relevant for parameterization of primary production models. The C:Chl a ratio varied greatly between the different hydrographical conditions, but also with depth and phytoplankton cell sizes. This variability should encourage caution about the use of constant ratios in models and carbon budget calculations.
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